Weight loss is a recognized alarm symptom for organic gastrointestinal (GI) disease, yet the association between weight change (loss or gain) and specific GI symptoms remains poorly described. We assess the associations between GI symptoms and weight change in a population-based sample of Australian adults.
Introduction
Gastrointestinal (GI) symptoms are common in the community, however, there are few data on the epidemiology and relationship between GI symptoms and obesity. 1, 2 In the United
States, the rates of obesity and morbid obesity have increased dramatically over the last 5 decades, with those classified as being overweight remaining fairly stable during this time period. 1 The financial and functional impact of obesity is enormous. 3, 4 In Australia, there is a similar trend, with the prevalence rates for those being overweight and obese having doubled in the last 20 years. 5 While the rates of obesity are increasing, our understanding of the biology, genetics, and environmental relationships remains poorly understood. 6, 7 As food intake is potentially related to precipitating either upper or lower GI symptoms, 8 knowledge of how these symptoms are affected by weight change (weight gain or weight loss) may be important. Weight loss is a recognized alarm symptom for organic GI disease, 9 yet the association between weight change (loss or gain) and specific GI symptoms remains poorly described and understood. Gastric disaccommodation has been linked to weight loss in a minority of patients with functional dyspepsia and early satiety, presumably because these patients feel so uncomfortable after eating a small amount. 10 Many patients with irritable bowel syndrome also have postprandial distress but weight loss is not a recognized characteristic of this syndrome. 11 On the other hand, increasing body mass index (BMI) has been linked to diarrhea in several populationbased studies, [12] [13] [14] [15] [16] while other studies have not found diarrhea to be significantly related. [17] [18] [19] [20] How upper and lower GI symptoms are affected by weight change (weight gain or weight loss) deserves further exploration. For example, it is unclear if eating behaviors account for any relationship between weight change and gut symptoms. Therefore, we aimed to determine the prevalence of upper and lower GI symptoms and the relationship with weight change among a community sample of individuals in Australia. We hypothesized that weight gain would be associated with an increased prevalence of diarrhea symptoms, while weight loss would be linked to dysmotility symptoms.
M aterials and M ethods

Subjects
This study was approved by the Sydney West Area Health Service (SWAHS) Ethics Committee. A total of 5000 adult subjects (≥ 18 years) were randomly selected from the electoral rolls of all local government areas (LGA's) included in the region covered by the Sydney West Area Health Service.
Subjects come from the SWAHS catchment area which consists of a population of 307 787 (7.7% of the Sydney population) and is socio-demographically very similar to the Australian population according to 2006 Census data, except that its inhabitants are slightly younger (32 vs 37 median years) and it has a slightly higher socioeconomic status based on income ($1285 vs $1171 median individual income per week), respectively. Ethnic status (those born overseas) was similar (22.2% vs 20.5%), with the majority Caucasian based on Australian Bureau of Statistics data (www.abs.gov.au).
Procedures
A letter was sent to all randomly selected individuals. This letter outlined the study and requested participation. Included with the letter were the Bowel and Stomach Symptoms and Eating Patterns Questionnaire (BSSEPQ), which is made up of other validated instruments. A reminder letter was sent three and six weeks after the initial mail-out. At week 6 this included another questionnaire. The survey was closed at 10 weeks. A prepaid return envelope was included to allow subjects to return the completed questionnaire. Subjects who indicated at any point that they did not wish to participate were not contacted further. A database linking record numbers to identifying information (eg, names and addresses) was stored on an isolated, secured and password protected computer.
Of the 5000 people in the general community to whom we sent the questionnaire, a total of 2935 questionnaires were returned (complete and incomplete). There were 142 questionnaires sent back for various reasons (eg, death, gone overseas, did not want to participate, wrong address, mentally ill, too sick to participate, and in jail). The response rate was 60%, with 54% being female.
Definitions
Weight change
Weight change was evaluated by 3 items which sought information about unintentional weight gain (1 item) and weight loss (2 items) over a 3-month pre-survey period. These were treated as separate outcome measures and defined as follows:
(1) Weight gain: a gain of 3 or more kilograms over the preceding 3 months in the absence of a deliberate attempt to gain weight. (2) Weight loss: a loss of 3 or more kilograms over the preceding 3 months in the absence of deliberate dieting. The clinically relevant change in weight of 3 kilograms was equivalent to 5% of the mean body weight of the participants in the study.
Gastrointestinal symptoms
The survey instrument included 26 items, which evaluated common symptoms emanating from the upper and lower GI tract. These assessed frequency over a 3 month pre-survey period according to a 5 point graded scale. The following response options were available: not at all, sometimes, often, very often, and almost always. The symptom items were dichotomized to reflect symptom absent (not at all and sometimes) vs symptom present (often or more frequently) and classified broadly based on Rome II criteria although specific criteria were not applied. 21 The following groups were defined a priori:
(1) Abdominal pain: pain or discomfort in abdomen (2) Esophageal symptoms: one or more of heartburn, acid regurgitation, and dysphagia (3) Dysmotility symptoms: one or more of early satiety, postprandial fullness, sensation of abdominal bloating, and visible abdominal distension (4) Nausea and/or vomiting: one or more of nausea, vomiting, and retching (5) Diarrhea: one or more of three or more bowel movements daily, loose or watery stools, urgency, and leakage of bowel movements (6) Constipation: one or more of less than three bowel movements weekly, hard or lumpy stools, straining on defecation, and incomplete evacuation Socioeconomic status and health risk status
Responder age and gender were evaluated along with marital status (married vs unmarried), country of birth (Australian-vs overseas-born) and highest level of completed (secondary and tertiary) education. The latter was classified as High (University qualifications) vs Medium (minimum of Year 12 or Year 10 plus a tertiary [but non-university] qualification) vs Low (Year 10 or less). Common health-risk behaviors were also assessed including smoking status (current smoker vs non-smoker), alcohol consumption (number of standard drinks usually consumed on any drinking occasion) and daily intake of caffeinated, sweetened, and diet beverages. Responders were asked to report any diagnosis of diabetes mellitus. BMI was calculated from self reported height and weight using the formula:
Eating behaviors
The questionnaire included items drawn from the Family Eating and Activity Habits Questionnaire (FEAHQ) 22 and the Questionnaire on Eating and Weight Patterns (QEWP). 23 These are validated instruments which evaluate habits and perceptions in relation to normal eating behavior. The following measures were applied in this study: self-perceived eating pace (fast vs average or slow), eating when bored or angry (frequently or always), late night snacking (weekly or more often), self-reported overeating, preoccupation with weight (weighs weekly or more often) and concern with overeating and with control over eating behavior (greatly or extremely concerned). Consumption of fried foods and red meat were also assessed (weekly or more often).
Quality of life
Quality of life (QOL) as evaluated using the short form of the Nepean Dyspepsia Index (NDI). 24 This is a 10-item scale which evaluates disease-specific QOL across 5 domains − tension, interference with daily activities, eating/drinking, disease-specific knowledge and control, and work or study. Each domain is assessed by 2 items which are scored according to a 5 point scale. The item responses are summed to provide a domain subscale score ranging from 2 (no impairment to QOL) to 10 (extreme impairment). The NDI short form is a responsive disease-specific instrument with established psychometric properties. Preliminary analysis showed that scores on the 5 QOL domains were heavily skewed with the majority of responders indicating no or little impairment to QOL. Thus, for the purposes of analysis, the subscale scores were dichotomized by applying a cutoff of 10 points. 25 This cutoff indicates moderate or greater impairment to QOL on at least one of the items used to evaluate the QOL domain.
Statistical Methods
Weight gain and weight loss were evaluated separately as outcomes and the data is summarized as prevalence estimates. These are also stratified by key predictor measures including socioeconomic status, health and eating behaviors, and NDI QOL. Univariate associations are evaluated using Pearson's Chi-squared statistics. Logistic regression was applied to identify significant and independent predictors of weight gain and weight loss. The most parsimonious model was sought in both cases, and backward, stepwise eliminated was applied for model reduction. Hypothesis tests were two-tailed in all analyses, and an alpha-level of 0.05 was applied.
Results
Weight Gain
Clinically relevant weight gain (3 or more kilograms) was reported by 213 responders, yielding a prevalence estimate of 8.1% (95% CI, 7.0-9.1%). This was significantly higher among females compared to males (9.8% vs 6.1%, P ＜ 0.001) and was associated with a younger responder age (mean age: gain vs no gain [41.9 vs 45.9] years, P ＜ 0.001).
The prevalence of weight gain was significantly higher among responders who reported GI complaints (Table 1) . This held for all symptom categories evaluated (Table 1) , although the differences were particularly pronounced in relation to dysmotility symptoms (16.0% vs 5.8%, P ＜ 0.001) and nausea/vomiting (20.4% vs 7.4%, P ＜ 0.001). Weight gain was also associated with a higher consumption of sweetened and diet beverages (P = 0.002 and P ＜ 0.001, respectively; Table 2 ), obesity (P ＜ 0.001; Table 2 ), and various eating behaviors (Table 3) , including a faster eating pace (P = 0.002), eating when bored (P ＜ 0.001) or angry (P ＜ 0.001), and frequently eating late at night (P = 0.010). It was also associated with greater concerns in relation to overeating (P ＜ 0.001; Table 3 ) and control over eating behavior (P ＜ 0.001; Table 3 ). Finally, weight gain was typically more common among individuals who reported at least moderate impairment to QOL as established by the 5 subscales of the NDI (Table 3) . Table 4 shows the independent predictors of weight gain as identified by logistic regression. The odds of weight gain were significantly higher amongst individuals who reported bloating (OR, 1.64; 95% CI, 1.46-1.84; P ＜ 0.001) but lower among individuals who reported fullness after meals (OR, 0.85; 95% CI, 0.73-0.99; P = 0.040). There were graded associations which indicated that the odds of weight gain increased in conjunction with both increasing BMI (trend: P ＜ 0.001) and a higher consumption of diet beverages (trend: P = 0.020), but decreased with increasing age (OR, 0.86; 95% CI, 0.80-0.93; P ＜ 0.001). Weight gain was independently related to eating when bored (OR, 1.79; 95% CI, 1.25-2.57; P = 0.001) and with greater concerns over eating behavioral control (OR, 2.64; 95% CI, 1.63-4.29; P ＜ 0.001).
Weight Loss
Clinically relevant weight loss (3 or more kilograms) was reported by 271 responders, yielding a prevalence estimate of 10.3% (95% CI, 9.1-11.5). This did not vary according to responder gender (females vs males [10.0% vs 10.5%], P = 0.690), but was significantly associated with lower responder age (mean age: loss vs no loss [42.3 vs 45.9] years), P ＜ 0.001).
Weight loss was typically more common among responders who reported GI complaints (Table 1 ); significant differences were observed on all symptom groups evaluated, although the effects were not as pronounced as they were in relation to weight gain. The prevalence of weight loss was significantly associated with marital status (P = 0.005; Table 2 ), a history of diabetes mellitus (P = 0.020; Table 2), and current smoking status (P ＜ 0.001; Table 2 ). However, it was generally independent of other socio-economic status measures and health risk factors. Weight loss was typically associated with a slower eating pace (P = 0.007; Table 3 ) and with frequently eating late at night (P = 0.002; Table 3 ). It was also associated with moderate impairment to QOL on 4 of the 5 NDI subscales (tension: P = 0.001; appetite: P ＜ 0.001; control: P = 0.001; Work and study: P = 0.001) ( Table 3 ). The independent predictors of weight loss are shown in the Table 5 . The odds of weight loss were significantly elevated among individuals who reported fullness after meals (OR,1.57; 95% CI, 1.32-1.88; P ＜ 0.001). Weight loss was also associated with a history of diabetes (OR, 2.25; 95% CI, 1.41-3.60; P = 0.001), those who were current smokers (OR, 1.52; 95% CI, 1.13-2.05; P = 0.006), and/or reported impaired QOL of the NDI Appetite scale, but were lower amongst those reporting a fast eating pace (OR, 0.58; 95% CI, 0.42-0.81; P = 0.002). Increasing age was associated with a reduction in the odds of weight loss.
Discussion
In this population-based study we found that there were specific dysmotility symptoms (postprandial fullness and abdominal bloating, or visible abdominal distension) which were independently predictive of both weight loss and weight gain. The association was stronger for weight loss compared to weight gain for postprandial fullness and only bloating was associated with weight gain. Consumption of diet soft drinks, eating when bored and no control over eating behaviors were all independent predictors of weight gain among this community sample. However, diabetes mellitus, current smoking, late night eating, and appetite were all independent predictors of weight loss. Moreover, increasing age was independently associated with a reduction in the odds of weight loss.
All of the GI symptom groups were associated with weight change (Table 1) , but this was not the picture when confounding was considered in the analyses. We could not confirm diarrhea was independently linked to weight gain although we have shown a link to obesity in previous population-based studies. 14, 15 The present study is the first to assess lower GI symptoms and weight change, previous studies have only assessed upper GI symptoms and weight change 19 or BMI and GI symptoms. [12] [13] [14] [15] [16] No previous studies have reported dysmotility symptoms as independent predictors of both weight gain and weight loss. However, a prospective study (n = 637) from the United States did find that an increase in body weight of 4.5 kg was strongly linked to patients with dyspepsia and dysmotility, which was defined as subjects reporting nausea, vomiting, upper abdominal bloating, or early satiety (OR, 5.57; 95% CI: 1.91-16.2). 19 Weight loss has been linked to fundic disaccommodation and early satiety. 26 Gastroparesis can lead to weight loss. 27, 28 There are also rare conditions such as mitochondrial neurogastrointestinal encephalomyopathy (MNGIE) associated with weight loss and dysmotility symptoms. 29 This is why we hypothesized weight loss would be found in association with dysmotility symptoms. Univariately, both weight gain and weight loss were linked to symptoms of nausea and/or vomiting, but after adjusting for confounders this was not statistically significant. However, previous research has reported that early satiety and nausea/vomiting are strongly associated with weight loss in dyspeptic patients. 9 We adjusted for eating behaviors and other possible confounders, and conclude the associations observed may be of causal importance. Abnormal eating behaviors were independent predictors of weight change in this study. For those experiencing weight gain, eating when bored and no control were significantly associated and among those experiencing weight loss, a fast eating pace and late night eating were also significant. In a recent study by Cremonini and colleagues 30 assessed GI symptoms and the relationship with binge eating among a large community sample (n = 4096) in the United States; they found that binge eaters were more likely to be obese and experience statistically significant GI symptoms compared to "over-eaters." These data correlate with our data suggesting that those who gain weight are more likely to be binge eaters and more likely to have GI symptoms. Conversely, those who lost weight where more likely to have different eating behaviors, which include fast eating pace and late night eating. The pathogenic mechanisms associated with the dysmotility symptoms among those experiencing weight gain or loss could be different, but both may relate to the different eating behaviors exhibited by each group. For those individuals experiencing weight loss, slow pace eating and late night eating may be linked to early satiety. Previous data suggests that individuals who eat slowly have significant decreases in energy intake compared with quick eaters (579.0 vs 645.7 kcal, P ＜ 0.05), and that they are more likely to experience greater satiety. 31 Bloating was the most significant dysmotility symptom among those experiencing weight gain. Previous studies have reported that those experiencing bloating are more likely to have recently gained weight 32 while others have found that obese individuals are more likely to report bloating than non-obese individuals. 13, 20 In another study, morbidly obese individuals undergoing gastric bypass surgery reported higher rates of bloating compared to non-obese controls (26.7% vs 16.8%, P = 0.080), but it was not statistically significant. 33 The mechanism of bloating in those gaining weight or obese could be due to the production of intestinal gas related to changes in microbiological flora in their intestinal tract (eg, bacterial overgrowth), but several pathophysiological mechanisms may be responsible and remain unknown. We did not measure gastric function in this community sample, but other data suggest abnormalities of gastric emptying are common in those with upper GI symptoms although a link to specific symptoms has been hard to establish. 34, 35 Several studies have assessed gastric emptying using scintigraphy in obese subjects and found that emptying of liquids is similar to healthy controls, 36 however, emptying of solids paradoxically appears to be accelerated among obese subjects. [37] [38] [39] In this cohort there was no link between weight gain and weight loss with nausea and vomiting, highlighting that these symptoms would have had no effect on necessarily diminishing food intake or that food may be eaten to try and relieve symptoms. Recently, the Gastroparesis Clinical Research Consortium in the United States identified a group of 106 patients with normal gastric emptying and unexplained nausea and vomiting 40 ; about half did not fulfill Rome III criteria for a functional GI disorder, but overall this group was indistinguishable symptomatically from patients with documented slow gastric emptying. This sub-group of patients with nausea and vomiting and normal gastric emptying may represent a distinct diagnostic entity, with symptoms persisting for at least 12 months. In our study, it is possible that among those individuals who gained weight and experienced more frequent episodes of vomiting and nausea, there may be a group who deliberately purge (induce vomiting) themselves in order to consume more food (a variant of bulimia nervosa). In fact, a post-hoc analysis revealed that those who gained weight were three times more likely to deliberately induce vomiting after binge eating (OR, 3.17; 95% CI, 1.51-6.68).
The current study had a number of strengths including the use of a validated questionnaire, a randomly selected and representative population sample, good response rate and almost equal gender groups included. We also attempted to assess other diseases that might be linked with obesity and GI symptoms including diabetes mellitus, which was an independent risk factor for weight loss (although we did not obtain data on how many of these were type I vs type II diabetes). Limitations of this study may also include the self-reported information collected on subject height and weight which may introduce some measurement bias in determining the BMI although validation data suggest this is not a major issue. 41 Also, the self-reported abdominal circumference which may have been perceived as bloating could also be a potential source of bias in this study.
In conclusion, our study suggests that specific dysmotility symptoms are independent predictors of both weight loss and weight gain. Different pathogenic mechanisms may be involved and these require further investigation.
